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Axenically cultured Entamoeba histolytica trophozoites of the pathogenic
strain HM-1 were harvested in phosphate buffered saline (PBS). The cells were
disrupted with ultrasonic energy, centrifuged, and the supernatant fluid tested
for enterotoxic activity in the i[n vivo rabbit ileum loop .and-the rat proximal
colon loop. This HM-1 extract, equivalent to 106 trophozoites/ml, had no
effect on intestinal absorption in either animal model, but secretion resulted
in both preparations when indomethacin (0.1 mg/kg) was administered subcutaneously
to reduce cytoprotection. In the rat colon a lower dose of indomethacin was
ineffective in allowing the ameba preparation to cause frank secretion, while
higher doses, 1 and 10 mg/kg, directly inhibited this secretory response. In
the absence of indomethacin, a preparation equivalent to 107 trophozoites/ml
reduced colonic absorption without producing secretion, while a preparation
of 107 trophozoites/ml of the non-pathogenic E_. histolytica-like Laredo strain
was ineffective even in the presence of 0.1 mg/kg indomethacin. The HM-1
enterotoxic activity was heat labile. Prior exposure of the loop lumen to
fetuin (100 wg/ml) blocked the secretory response to subsequent enterotoxin
exposure in indotnethacin-treated animals. Fetuin inhibition of secretion could
not be reversed by inoculating the loop with fresh trophozoite extract at
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Fig. 1 Four hour net water fluxes of in vivo rat colon 21
loops exposed to varying concentrations of ameba
trophozoite extract, plotted as a function of
trophozoite extract concentration.
Fig. 2 Hourly net water fluxes of in vivo rat colon 24
loops exposed to ameba tropTiozoite extract for
0, 5, 10, 30, 60 and 240 minutes.
Fig. 3 (a) Four hour net water fluxes of in vivo rat 27
colon loops exposed to PBS or amebaTrophozoi te
extract. Plotted as a function of the indomethacin
dose administered prior to loop inoculation.
(b) Hourly net water fluxes in loops exposed to
ameba trophozoite extract with prior administration
of varying doses of indomethacin.
Fig. 4 Four hour net water fluxes of in vivo rat colon 29
loops exposed to PBS, heated or unheated HM-1
trophozoite extract, and E_. histolytica-like Laredo
trophozoite extract.
Fig. 5 Four hour net water fluxes of rat colon loops 31
exposed to ameba trophozoite extract with fetuin
solution inoculated in the loops prior to or
following luminal ameba extract exposure.
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INTRODUCTION
Amebic dysentry is one manifestation of amebiasis in which infestation
of the gastrointestinal tract occurs with a species of ameba, Entamoeba
histoiytica. This amebic infection often results in a copious diarrhea, which
is evidenced by the evacuation of 6 to 8 mucoid, blood-stained stools a day
(Hashim and Pittman, 1970; Craig and Faust, 1977). The pathogenic effects of
this microorganism are seen world-wide, but the mode of its invasion is still
not well understood.
Lushbaugh and colleagues (1979) partially purified a heat labile
cytotoxin/entertoxin from this organism which elicited secretion in the jn^
vivo rabbit ligated loop. Due to the large number of trbphozoites required to
repeat the experiment of Lushbaugh and colleagues, we designed this project
to reduce the volume of required trophozite extract. This was achieved by
increasing intestinal mucosal sensitivity to the trophozoite extract. The
prostaglandin synthesis inhibitor, indomethcin, was employed to impair the
mucosal cytoprotection (Robert 1977). This enhanced the ameba extract
intestinal secretory response. The rabbit ileal and rat colonic loop models
were used for this entertoxic assay.
When the rabbit ileum and rat colon were inoculated with a cell free
extract of the pathogenic IE. histolytica strain HM-l:HL-3 X following
indomethacin administration there was a secretion of water anbd electrolytes
into the intestinal loops. Extracts of the non-pathogenic E_. histolytica-
like Laredo strain did not produce secretion under similar conditions. Prior
luminal exposure to fetuin inhibited this HM-1 extract induced secretion,
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1nd1eating that fetuin and £. histoiytica enterotoxic activity share the same
receptors on the mucosal surface, with fetuin either having higher affinity
for the receptor or acting like a lectin by binding both ameba toxin and
receptor.
REVIEW OF LITERATURE
Secretory diarrhea results when the amount of water and electrolytes
entering the colon exceeds it's absorptive capacity, which is approximately
5000ml/day (Debonguie and Phillips, 1978). Under this condition the stool
osmolarity was accounted for entirely by the electrolyte composition (Krejs
and Fordtran, 1978). Secretory diarrhea has been one of the major causes
of death among children in the developing countries. This type of diarrhea
is the result of hypersecretion of normal intestinal secretion.
Intestinal secretion can be produced in two ways: (1) the passive
diffusion of water and electrolytes into the intestinal lumen. This is generally
referred to as accumulation (Debonguie.and Phillips, 1978); (2) the active
transport of electrolytes into the lumen, followed by water. This can be
induced by both non-infectious and infectious agents. Infectious agents
produce enterotoxins, for example Vibrio cholerae (Banwell et al_, 1970),
Escherichia coli (Gyles and Barnum, 1969), pathogenic strains of Shi gel!a
(Keusch et a\_, 1970), and Entamoeba histolytica (Lushbaugh et aj, 1979).
Non-infectious agents that cause secretory diarrhea include hormones such as
vasoactive intestinal peptide (Krejs et al_, 1978), and intracellular mediators
such as some prostaglandins (Pierce e£al_, 1971).
Secretory diarrhea has been extensively studied. In particular research
has centered around the copious hypersecretion caused by cholera enterotoxin,
which is mediated through elevated tissue cyclic AMP levels (Sharp and Hynie,
1971). This secretion results in accumulation of fluid and electrolytes in
the lumen. The hypersecretion of secretory diarrhea is isoosomotic and
involves the secretion of Na+, Cl" and HC03" (Leitch et al_, 1966). The
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diarrhea caused by E. coli heat stable enterotoxin appears to be mediated by
increased tissue cyclic GMP levels (Sack, 1975; Hughes etal_, 1978: Field
et al, 1978). Calcium is necessary for all excitation-secretion coupling
(Berridge, 1979), and the Ca++ inonophore A23187 induces in vitro rabbit
ileum and colon to secrete electrolytes (Frizzel, 1977; Bolton and Field, 1977).
Normal Mechanisms of Water and Electrolyte Transport in the Intestine
Much of the understanding of intestinal electrolyte transport has been
gained from studies of rabbit small intestinal preparations. Absorption is
presently believed to be associated with mature villus enterocytes and secretion
with cells of the crypts of Lieberkuhn (Hendrix, 1977; Elliot et al_, 1979).
In rabbit ileal models there are three major absorptive systems for electrolytes:
(1) active electrogenic Na+ absorption; (2) Na+ absorption coupled to Cl";
(3) Na+ absorption coupled to nonelectrolytes. A fourth system that involved
both a secretory and absorptive component is the Cl"-HC03" exchange pump.
Na+ Absorption - In the intestine there appears to be a carrier mediated
electrogenic transport of Na+ occurring in the absence of luminal non-
electrolytes (Schultz and Frizzel, 1972; Schultz etaj_, 1974). At the luminal
surface Na+ is driven into the enterocytes by the electrochemical gradient
produced by the low intracellular Na+ concentration and the cell electronega-
tivity (Koopman and Schultz, 1969; Schultz et al_, 1966). This process was
not affected by the Na+-K+ ATPase inhibitor, ouabain (Chez et al_, 1967).
The extrusion of Na+ from the cell into the serosal solution is an active
transport process. Sodium is driven from the cell to the serosol surface by
an energy requiring carrier system. This carrier system is an integral part
of the Na+-K+ ATPase pump mechanism present in all animal cells that transport
*la+ (Skou, 1957). Both the ATPase and the ion translocase process have been
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shown to be oubain sensitive (Schultz and Zalusky, 1964; Charney and Donowitz,
1978). The ATPase is located in the basolateral membrane of epithelial cells
(Fujita et al_, 1971: Quigley and Gotterer, 1969: Fujita etal_, 1972; Sterling,
1972). The extrusion of Na+ to the serosa has been shown to result in
electrical positivity and increased osmolarity on the serosa which draws water
through the tight junctions together with Cl~ (Diamond and Bossert, 1967;
Haljamae et al_, 1973).
Na-nonelectrolyte Absorption - Another group of carrier mediated systems
involving Na+ coupled to nonelectrolytes, such as glucose, amino-acids and
bile salts has been demonstrated (Crane, 1965; Schultz and Curran, 1970;
Schultz, 1977). These carrier systems are powered by the Na+ influx into
the enterocytes down a favorable electrochemical gradient, while the non-
electrolytes can move against an unfavorable chemical gradient. The resulting
increase in Na+ pumping also contributes to the electrical positivity and high
osmolarity of the serosa which aids in the reabsorption of water and Cl~
(Haljamae et al_, 1973).
Na+-Cl~ Absorption/Secretion - A third carrier system involves Na+ and
another electrolyte, Cl". This have been designated an electrically neutral
NaCl coupled pump (Frizzel et al_, 1976: Frizzel e£al_, 1979). This pump appears
responsible for the absorption of much of the Na+ and Cl" in the small intestine.
Sodium entry in this model is down a favorable electrochemical potential gradient
(Schultz et al_, 1966: Koopman and Schultz, 1969). It was unaffected by ouabain
(Chez et a\_, 1967). This Na+ entry was also found to be facilitated through
a membrane carrier molecule with binding sites for both Na+ and Cl", and binding
of Na+ to the carrier could be inhibited by K+ in the mucosa (Frizzel and
Schultz, 1972). Chloride is driven into the cell from the mucosa by the energy
generated by the favorable electrochemical gradient of Na+, much as was the
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case in the Na+-nonelectrolyte coupled system (Crane, 1965; Frizzel et a]_,
1975). The exit of CT from the cell to the serosa is the passive diffusion
down a favorable electrochemical gradient (Frizzel and Schultz, 1979). Sodium
is believed to be moved from the enterocytes to the serosa through the Na+-K+
ATPase powered pump.
The neutral NaCl pump can be specifically inhibited by elevated intra-
cellular cyclic AMP levels (Layssac et al_, 1974; Merten et al_, 1974; Frizzel
et al, 1975). It has been proposed that this inhibition of the NaCl neutral
pump occurs on the mucosal surface, while on the serosal surface a passive
diffusion of Na+ into the enterocyte continues, followed by Cl". As Cl"
accumulates in the enterocyte the electrochemical gradient will favour
diffusion out of the cell. An increase in mucosal membrane permeability has
been postulated to explain the Cl" secretion at the mucosa (Kimberg, 1974).
This also results in the movement of water and Na+ to the mucosa through
the tight junctions, resulting in a secretion of water and electrolytes
(Kimberg, 1974).
Cr-HCO-T Secretion/Absorption
The mammalian ileum and colon have been shown to contain another carrier
system that shows absorption of CT and secretion of HC03" (Hubel, 1967;
Swallow and Code, 1967; Hubel, 1969). The chloride is believed absorbed
through a CT-HC03" exchange pump (Dietz and Field, 1973; Sheeren and Field,
1975) and HC03" excreted against an electrochemical gradient (Turnburg et al_,
1970). It has been proposed that the intracellular HC03" is generated by
the endogenous carbonic anhydrase activity in the cell using metabolic CO2
(Turnburg et al_, 1970; Carter and Parson, 1971).
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In the colon, Na+ absorption occurs against a steeper transmucosal
electrochemical gradient than in the ileum, but it is also dependent on the
basolateral membrane Na+-K+ ATPase pump system (Cooperstein and Hogben,
1959; Frizzel et al_, 1976).
Pathophysioiogy of Electrolyte Transport
Cholera is the most widely studied of the secretory diarrheal diseases.
Vibrio cholerae is a microorganism capable of producing a protein enterotoxin.
The enterotoxin has been purified and found to be a protein of a molecular
weight of 84,000 daltons (Finkelstein and Lospalluto, 1969; 1970). This
enterotoxin can induce the secretion of Isotonic fluid by the intestinal
mucosa. The fluid secretion is believed to be confined to the small intestine
(Carpenter and Greenough, 1968) and there are variations of the secretory
responses from one animal species to another (Banwell et al_, 1970). For
example, the human jejunum has been shown to produce more fluid than the ileum
during Vibrio cholerae infections.
Choleragen, the cholera enterotoxin, has two component fragments, A and B.
The A component was found to be capable of stimulating adenylate cyclase
activity (Gill and King, 1975; Cassell and Selinger, 1977; Cassell and Pfeurrer,
1978). This process occurred by reducing the disulfide bond in the A component
which then dissociated into Aj and A£. The Aj component catalyzed the cleavage
of NAD to nicotinamide and ADP-ribose which was transferred to the regulatory
component of adenylate cyclase. The regulatory component is a GTP binding
protein that activates adenylate cyclase. It was found that the GTP hydrolysis
was blocked by ADP-ribose and this resulted in constant activation of adenylate
cyclase (Cassell and Selinger, 1977; Gill and Meren, 1978). The B component
has been implicated as the protein which binds to the cell membrane receptor
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sites, GMi, gangliosides (Finkelstein, 1973; Van Heyningen et al_, 1971;
Cuatrecasus, 1973; Fishman et al_, 1977). The increase in the adenylate cyclase
activity with increased CAMP levels has been shown to result in the active
secretion of water and electrolytes (Field, 1971).
The effects of cholera toxin induced diarrhea do not seem to damage the
epithelial cells (Gangarosa et al_, 1960) and no inhibition of sugar and ami no
acid absorption has been detected (Phillips, 1964), so that these two non-
el ectolyte pumps are presently used in oral rehydration therapy for cholera
diarrhea.
Our present project was designed to study the in vivo effects of
Entamoeba histoiytica on certain intestinal animal models. This microorganism
causes amebic dysentry (Losch, 1875; Councilman and LefTeur, 1891; Walker and
Sellards, 1913). Entamoeba histoiytica is a protozoa classified under the
genus Entamoeba. Biologically this organism has a complicated life cycle but
the cyst and the trophozoites are the only stages of clinical importance in
amebic infection. Amebic infection is acquired by ingestion of the cysts
which under favourable conditions excyst to a mobile trophozoite. These
conditions include adequate pH range, an anaerobic environment, as well as
bacterial and nutritional factors necessary for trophozoite growth (Maegraith,
1955).
In amebic dysentry there is an evacuation of six to eight mucoid, blood
stained feces a day (Hashim and Pittman, 1970; Craig and Faust, 1977). The
dysentry is often associated with a copious diarrhea. The mucus and blood
stained feces seen during an ameba infection are due to lesions produced by
ameba trophozoites located mostly in the mucosa of the large intestine
(Jimenez, 1981). These ulcerative lesions have been found to be generally
confined to the mucosal epithelium during the primary stage, but in advanced
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cases they might extend to the lamina propia and muscularis and may result in
extra intestinal infection of the liver (Brandt and Tamayo, 1970).
The invasive effects of amebic infection are seen as ulcerative lesions
on the intestinal mucosa. The pathogenesis of this invasion was summerized
by the work of Takeuchi and Phillips (1975) in which they demonstrated in a
germ free guinea pig model that ameba trophozoites damage mucosal cells by
first altering their attachment to adjacent cells. This enabled the trophozoites
to move between the enterocytes towards the submucosa. This study suggested
that ameba invasion required an ameba-cell surface interaction.
Attempts have been made to correlate ameba strain virulence with some
factors assumed to be involved in ameba pathogenesis. One of these factors
was an ameba lectin-like activity. Entamoeba has a surface lectin-like
receptor which is capable of capping and agglutination of red blood.cells
(Trissel et al_, 1977; Mattern et al_, 1980; Kobiter and Mirelman, 1980).
Another factor that has been studied is an ameba surface active lysosome
(Eaton et al_» 1969> Eaton etal_, 1970; Proctor and Gregory, 1972). However,
the correlation between Entamoeba strain virulence and these factors is poor.
When ameba trophozoites were placed in mammalian cell suspensions the
presence of cytotoxic or cytopathic factors was suggested by the fact that
rounding and detachment of cells occurred (Bos and Van de Gried, 1977;
Lushbaugh et al_, 1979). This has been confirmed by Ravdin and colleague (1980)
in a study in which they demonstrated the ameba cytotoxic effects on monolayer
of Chinese hamster ovary cells. This cytotoxic rounding effect of the cells
was reversed when the cells were placed in fresh medium. This cytotoxic
effect has been reported to be inhibited by fetuin (Mattern et al_, 1980) and
alpha-2-macroglobulin (Ravdin et al_, 1980; Lushbaugh et al_, 1981).
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The occurrence of copious diarrhea in certain cases of amebic dysentry seems
to indicate the presence of an enterotoxin. In 1979 Lushbaugh and colleagues
were able to isolate a heat labile enterotoxin with an approximate molecular
weight of 30,000 daltons, capable of inducing water and electrolyte secretion in
the in vivo rabbit ileum. Based on these findings we designed our studies with
the aim of further characterising this enterotoxin and developing another more
reliable jn. vivo animal model for its assay. Due to the high trophozoite concen
tration required by Lushbaugh and associates (8 mg of partially purified protein)
to produce ameba extracts with detectable enterotoxin activity, we first needed
a method of increasing intestinal mucosal sensitivity to enterotoxin. This was
done by employing the prostaglandin systhesis inhibitor, indomethcin.
Prostaglandins are derived metabolically from aractrnidonic acid (Nugteren
and Heazelhof, 1973; Hemberg and Samuelsson, 1974). They have been reported
to be involved in gastrointestinal mucosal cytoprotection (Robert et al_, 1978;
Chandburg and Robert, 1978). Such cyptoprotection is the ability to protect
the gastrointestinal mucosa from lesions induced by several nonsteroidal
anti-inflammatory compounds (NOSAC). This property has been demonstrated by
all groups of prostaglandins studied. In 1968, Robert and colleagues
demonstrated that exogenous protaglandin Ei was able to protect rat stomach
against lesion induced by gastric acid secretion. This prostaglandin
treatment was also effective in individuals with certain gastrointestinal
tract diseases such as peptic ulcer disease (Levy, 1974; Robert, 1974). We
used indomethacin to inhibit this protaglandin mediated mucosal cytoprotection
in an attempt to enhance the ameba enterotoxic effect of our extracts. We
employed the rabbit ileum at first, but due to the high trophozoite extract
volume required, we also used a smaller animal model, the rat colon, for our




Diamond's TPS-1 broth was purchased from North American Bioiogicals
(Miami, Florida). Inactivated horse serum was purchased from Gibco
Laboratories (Grand Island, New York) and Diamond's vitamin mix was purchased
from North American Biologicals (Miami, Florida). Indomethacin was purchased
from Sigma Chemical Company (St. Louis, Missouri). Fetuin (Spiro method) was
purchased from Gibco Laboratories (Grand Island, New York). All other chemicals
used were reagent grade.
Equipment and Supplies
Biological Hood - A Contamination Control Inc. hood (Landsdale,
Pennsylvania) was used for sterile transfer of Entamoeba histolytica.
Sonicator - A Branson Sonifier cell disruptor 185 (Branson Sonic Power
Company, Danbury, Connecticut) was used to lyse Entamoeba histolytica
trophozoites.
Osmometer - An Osmette automatic osmometer from Precision Systems, Inc.
(Newton, Massachusetts) was used to measure the osmolarity of all solutions.
Flame Photometer - A flame photometer, model 443 (Instrumentation
Laboratories, Inc., Lexington, Massachusetts) was used to measure the
concentrations of sodium and potassium in luminal fluid. Unopettes (Becton
Dickson, Rutherford, New Jersey) were used to collect samples and dilute them
for flame photometry.
Thermometer - A tele-thermometer Y.S.I, model 44 (Yellow Springs
Instrument Company, Inc., Yellow Springs, Ohio) was used to "check the abdominal




Animals - Adult New Zealand white rabbits of either sex and adult male
Sprague-Dawley rats were used. Both species were purchased locally from
Davies Small Animal Farm (Stockbridge, Georgia).
Methods
Amebic Cultures
Entamoeba histolytica strain HM-l:HL-3 *■ and the E_. histoiytica-like
Laredo strain trophozoites were maintained in Diamond's TPS-1 medium
(Diamond, 1968). Trophozites were grown in capped 15 ml test tubes.
Entamoeba histolytica were recultured by splitting the trophozoites into 2
portions after 48 hours of logarithimic growth. Entamoeba histolytica-like
Laredo strain trophozoites were recultured by splitting the trophozoites into
2 portions after 7 days of logarithimic growth. Ameba trophozoites were
harvested from the culture tubes during the late growth phase by chilling in
ice water for 5 minutes. The chilled culture tubes were centrifuged for 2 1/2
minutes at room temperature at 500 xg to separate the trophozoites from the
supernatant. The supernatant was removed from the culture tubes by suction.
The trophozoites were then wash twice in potassium phosphate (10 mm, PH 7.4)
buffered saline (400 mOsm). The washed cells were finally suspended in
phosphate buffered saline (PBS) of 300 mOsm in cell concentrations of 105,
106, and 107 trophozoites/ml. This material was then stored at -30°C until
needed.
Trophozoite Extract
The trophozoites were thawed in ice water at 4°C. They were disrupted
by ultrasonic distruption at 4°C for three periods of three minutes each.
The sonicate was centrifuge for thirty minutes at 7000 x g in a refrigerated
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centrifuge at 4°C. The supernatant was poured off into 4 tubes of 3 mis each
and these samples were maintained at 4°C for not more than two hours prior to
use.
Surgical Procedures
New Zealand white rabbits were starved overnight but were allowed water
ad 21b before surgery. They were anaesthetized using intravenous pentobarbital
as a general anaesthetic. Procaine was also used as a local anaesthetic at the
incision site. A laparotomomy was performed and the ileum was washed thoroughly
with warm saline. Two 30 cm loops were made in the distal portion of the ileum.
The animal was injected subcutenously with 0.1 mg/kg of indomethacin in 10 mM
phosphate buffer, pH 7.2. Fifteen minutes later the lower loop was inoculated
with 13 mis of the ameba extract and the upper loop was used as a control and
was injected with the same volume of 300 mOsm PBS. Initially two 20 y 1 samples
of luminal fluid were taken for the measurement of sodium and potassium
concentrations. At the end of the 3 hours both loops were drained using a
syringe and needle. The volumes of the fluid were measured and samples were
again taken for the measurement of electrolyte concentrations. The fluid
volumes of both loops were readjusted to 13 mis with PBS if absorption had
occured, and the loops reinoculated with the same solution. Two hours later
the procedures for the measurement of fluid volume and electrolyte
concentrations were repeated. The net fluxes of water and electrolytes were
then calculated as shown in equations 1 and 2. Only those animals that showed




J net H20 = Vf - Vi
length of loop (multiple of 10 cm)
Vf = final vol (ml)
Vi = initial vol (ml)
Equation 2
Net ion flux
J net ion = Cf Vf-CiVi
length of loop (multiple of 10 cm)
Cf = final concentration ( uEq/ml)
Ci = initial concentration ( vEq/ml)
When the rat model was employed the surgical procedure was repeated except
w
that only one proximal colon loop was prepared. A loop 7.0 cm in length was
made in the colon after first flushing the contents back into the cecum. A
catheter was inserted in the distal portion of the loop. The loop was then
exposed to 0.5 ml of ameba extract or 300 mOsm PBS for one hour. These
solutions were replaced with 0.5 ml PBS at hourly intervals. The volume of
fluid was measured hourly for 4 hours. Indomethacin, 0.1 mg/kg was injected
subcutaneously 10 minutes prior to inoculating the loop with ameba extract.
This protocol differed from that of the rabbit experiments in that fresh
solutions were instilled at hourly intervals and electrolyte concentrations
were not measured. Statistical analyses were performed using the student
t test. A value of p < 0.05 was considered significant.
Protocols
Protocol for Experiments Using Pifferent
TropFozoite concentration
Rat colon loops were exposed to ameba extract equivalent to 105, 106, or
107 HM-1 trophozoites/ml for an hour with and without subcutaneous injection
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of 0.1 mg/kg indomethacin. Hourly net water fluxes were measured as above
and 4 hour net water fluxes were calculated.
Protocol for Time of Exposure Experiment
Rat colon loops were inoculated with extracts of 106 HM-1 trophozoites/ml
for 5, 10, 30, 60 and 240 minutes following subcutaneous injection of 0.1 mg/kg
indomethacin. During the remainder of the four experiments the loops were
exposed to PBS. Hourly net water fluxes were measured for 4 hours.
Protocol for Indomethacin Dose
ResponseTurve Experiment
Rats were subcutaneously injected with 0.01, 0.1, 1 and 10 mg/kg of
indomethacin 10 minutes prior to inoculating colon loops with extracts of
106 HM-1 trophozoites/ml for 1 hour followed by inoculating the loops with
PBS for 3 hours. Animals wer also exposed to 0.01, 1 and 10 mg/kg
indomethacin 10 minutes before innoculating loops with PBS for all four hour
test periods.
Protocol for Fetuin Experiment
Rat colonic loops were exposed to 0.1 mg/ml fetuin for 10 minutes prior
to 1 hour mucosal exposure to ameba extract (106 HM-1 trophozoites/ml). PBS
was used as the test solution in the 3 hours subsequent test periods except
in one experiment where loops were exposed to fetuin for 10 minutes followed
by exposure to ameba extract at hourly intervals for 4 hours, and in another
experiment where fetuin exposure took place immediately after ameba extract
exposure. In these experiments all animals were administered 0.1 mg/kg
indomethacin subcutaneously 10 minutes prior to the administration of extract.
RESULTS
Rabbit Model - When the rabbit model was used there was either absorption
of secretion in the experimental loop and absorption in the control loop.
Inoculation of both the experimental and control loops with 13 mis PBS alone
resulted in absorption of water, Na+ and K+ in both untreated animals and
animals administered 0.1 mg/kg indomethacin. Heal loops exposed to ameba
extracts of 106 HM-1 trophozoites/ml' also showed absorption of water, Na+ and
K+. On the other hand, ileal loops of indomethacin treated animals inoculated
with this amebic extract showed secretion of water, Na+ and K+. Heating the
HM-1 trophozoite extract at 60°C for 10 minutes destroyed the enterotoxic
activity. Extracts of the non-pathogenic E. histolytica-like Laredo strain
(106 trophozoites/ml) did not produce ileal secretion of water, Na+ and K+,
whether the animals had been treated with indomethacin or not. (Tables I, II
and III).
Rat Model - The colonic loops of indomethacin treated and untreated
animals were exposed to 0.5 ml trophozoite extract for 1 hour and sequentially
exposed to 0.5 ml of PBS for 3 hours (Figure I). When measured for the entire
4 hour period there was a colonic secretion of water in animals treated with
indomethacin and inoculated intraluminally with the HM-1 extract equivalent
to 106 and 107 trophozoites/ml. Indomethacin treated animals showed no
luminal secretion with colonic exposure to an extract equivalent to 105 HM-1
trophozoites/ml. Net absorption of water also took place in loops of animals
not administered indomethacin but innoculated with extracts equivalent to
105, 10$ or 107 HM-1 trophozoites/ml. Using the 4 hour net flux data this
absorption was significantly less in loops exposed to extract equivalent to
107 HM-1 trophozoites/ml when compared to that of loops exposed to extract
-16-
Table 1. Net water fluxes (ml/lOcm) in rabbit ileal loops exposed to trophozoite supernatant (10G/ml)































































































Negative values indicate absorption and positive values indicate secretion
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Table 2. Net K+ fluxes (yEq/10 cm) in rabbit ileal loops exposed to trophozoite supernatant (10b/ml)






































































Means + SEM . i
Negative values indicate absorption and positive values indicate secretion
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Table 3. Net Na+ fluxes (yEq/10cm) in rabbit ileal loops exposed to trophozoite supernatant (106/ml)



















































































Negative values indicate absorption and positive values indicate secretion
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Fig. 1 Four hour net water fluxes of in vivo rat colon loops
inoculated with PBS or with ameba extract for 1 hour,
followed by inoculation with PBS for 3 subsequent hours.
Water flux data are plotted semilogarthmically as a
function of the trophozoite concentration of the ameba
extract used. Closed circles represent results from
animals administered 0.1 mg/kg indomethacin subcutaneously
10 minutes prior to inoculation of loops with ameba extracts,
while open circles represent loops from animals not
administered indomethacin. Means +_SEM. Positive values
indicate secretion and negative values indicate absorption.
-20-
• +0.l mg/kg Indomethacin
o -O.I mg/kg Indomethacin
-1.6-




equivalent to 106 trophozoites/ml or to PBS alone (P < .05).
Figure 2 shows that results of an experiment designed to show the
relationship between the duration of colonic loop exposure to ameba extract and
the luminal water secretion. The results indicate that luminal water secretion
could be detected during the first hour when mucosa was exposed to extract
equivalent to 106 HM-1 trophozoites/ml for 10 minutes following prior injection
of 0.1 mg/kg indomethacin. Inoculation of loops with trophozoite extracts for
30 minutes resulted in water secretion persisting into the second hourly test
period. This model shows that secretion could be sustained beyond the period
when the extract was actually in the colonic loop. Inoculation of colonic
loops with fresh extract hourly for 4 hours did not produce a significant
increase in secretion above that resulting from 1 hour ameba extract exposure.
The figure illustrates the hourly time course of the water fluxes following
a timed exposure of the mucosa to ameba extract.
Figure 3 illustrates the indomethacin dose-response curves for PBS and
HM-1 trophozoite extract (106/ml) exposed loops. In the latter group of
experiments the loops were inoculated withthe trophozoite extract for 1 hour,
then sequentially with PBS for 3 hours. For the 4 hours of the experiment
there was net absorption of water in all loops inoculated with PBS alone.
The net water absorption was reduced in the PBS treated loops from animals
administered 1.0 and 10.0 mg/kg indomethacin. The difference between 4 hour
net fluxes in 1 mg/kg indomethacin treated animals and untreated animals was
marginally significant (p = .05), while the difference between 10 mg/kg
indomethacin treated and untreated animals was not signifcant (p > .05).
Secretion occurred in loops of animals inoculated with HM-1 trophozoites
(106/ml) and injected with 0.1 mg/kg indomethacin. When 1 mg/kg indomethacin
was administered to these animals the secretory response only occurred for
Fig. 2 Hourly net water fluxes in in vivo rat colon loops
exposed to ameba extract equivalent to 10^ trophozoite/ml
for 0, 5, 10, 30, 60, and 240 minutes, followed by PBS
for the remainder of the 4 hour test period. Animals
were administered indomethacin 10 minutes prior to
luiminal exposure to ameba extract. Means +_ SEM.































































2 hours and there was net water absorption when the net flux was averaged
over the 4 hour period. In animals treated with 10 mg/kg indomethacin
absorption took place in all four hour test periods. Animals administered
.01 mg/kg indomethacin also never showed colonic secretion during and after
mucosal exposure to ameba extracts.
All animals represented in Figure 4 were administered 0.1 mg/kg
indomethacin prior to the experiment. As illustrated in earlier figures,
in Figure 4 there was a net water secretion in animals inoculated with
trophozoite extract (106/ml). Heating the HM-1 trophozoite extract at 60°C
for 10 minutes destroyed its enterotoxic activity, resulting in a net
absorption of water. Injection of the 0.1 mg/kg of indomethacin in the
third hour did not allow the manifestation of a secretory response in colonic
loops exposed to extracts of 10^ HM-1 trophozoite/ml during the 0-1 hour
time period. There was no secretory response in indomethacin treated animals
inoculated with extracts of E. histolytica-like Laredo strain, even when a
trophozoite concentration of 107 was used.
Figure 5 illustrates that prior exposure of loops of indomethacin treated
animals to 100 v g/ml fetuin for 10 minutes inhibited the secretory response
to HM-1 extract (106 trophozoites/ml). Hourly inoculation with HM-1 extracts
for 4 hours failed to overcome this fetuin-induced block of the secretion.
When the mucosa was exposed to fetuin following, rather than prior to, the
1 hour exposure to trophozoite extract, this protein failed to inhibit the
ameba extract-induced secretion.
Fig. 3 (a) Four hour net water fluxes in in vivo colon
loops of rats exposed to PBS or to extracts or E^_
histolytica strain HM-1 (106/ml) for 1 hour and
PBS for 3 subsequent hours, plotted as a function
of the dose of indomethacin administered 10 minutes
prior to inoculation of loops with extract or PBS.
Open circles represent results from loops inoculated
with PBS, and closed circles represent results from
loops inoculated with extract. Means +_ SEM. Positive
values indicate secretion and negative values indicate
adsorption.
m
(b) Hourly net water fluxes in loops exposed to the
E. histolytica strain HM-1 trophozoite extract in
animals administered 0.01, 0.1, 1 and 10 mg/kg
indomethacin subcutaneously 10 minutes prior to


















































F19* 4 Four hour net water fluxes in in vivo rat colon
loops exposed to PBS, heated and unheated E^
histolytica strain HM-1 trophozoite extract, or
E. histoiytica-like Laredo strain trophozoite
extract. HM-1 strain extracts were prepared from
suspensions of 10^ trophozoites/ml while the Laredo
strain extracts were prepared from suspensions of
107 trophozoites/ml. All animals were administered
0.1 mg/kg indomethacin subcutaenously prior to
inoculation with extract, except in a group of
HM-1 strain extract inoculated animals in which the
indomethacin was administered at the beginning of
the third hour of the experiment. Mean +_ SEM.

































































































Fl>9« 5 Four hour net water fluxes in in vivo colon loops
of rats exposed to E. histoiytica strain HM-1
extract (106 trophozoites/ml) and administered
0.1 mg/kg indomethacin subcutaneously. Some loops
were inoculated with a fetuin solution for a 10
minute period immediately prior to or following
a 1 hour period of inoculation with the ameba
extract. In one fetuin treated group loops were
inoculated with fresh ameba extract hourly for
4 hours. Means +_ SEM. Positive values-indicate





























































































Enterotoxins produced by a few strains of microorganisms have been
demonstrated to induce watery diarrhea in experimental models. One
classification of these enterotoxins is based on their heat liability. The
heat Habile enterotoxins include those of Vibrio cholerae (Banwell £tal_,
1970) and Escherichia coli (Gyles and Barnum, 1969). The effect of these
enterotoxins are mediated through elevated tissue cyclic AMP levels. The
only heat stable enterotoxin isolated to date is an E. coli toxin (Sack,
1975; Hughes et al_, 1978). The enterotoxic effect of this toxin is mediated
through elevated tissue cyclic GMP levels. There are other bacterial
enterotoxins which do not have their secretory effect mediated through either
cyclic GMP or cyclic AMP secondary messengers, e.g., Shi gel!a dysenteriae I
enterotoxin (Keusch et al_ , 1970).
Pathogenic enteric parasites may also elaborate enterotoxins. Recently
Lushbaugh and colleagues demonstrated a cytotoxic/enterotoxic activity
associated with a cell free preparation of Entamoeba histolytica. This
cytotoxic activity was also studied by Bos (1979). Cell free extracts of
E. histolytica have been partially purified, and the enterotoxic activity is
believed to be a protein with a molecular weight of about 30,000 daltons
(Lushbaugh et al_, 1979; Mattern et al_, 1980). It is not known what role these
trophozoite extracts play in amebic dysentry as not all amebic dysentry
involves watery diarrhea (Craig and Faust, 1977; Hashim and Pittman, 1970).
Amebic dysentry involves tissue damage which is associated with the ulceration
of the mucosa. The postulated mechanisms involved in invasion by this
organism may include a surface lectin that causes erythrocyte agglutination
(Kobiler and Mirelman, 1980) with possible receptor capping (Takeuchi and
-32-
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Phillips, 1975), phagocytosis (Trissl et al_, 1978) and cell contact killing
(Proctor and Gregory, 1972; Eaton et al_, 1979; Knight et al_, 1975). However,
the correlation between any one of these phenomena and strain pathogenicity
is not such as to allow one to state that any single event is necessary for
invasion.
Lushbaugh and associates (1979) were able to induce watery diarrhea in
rabbit ileal loops by inoculating 8 mg protein/ml of cell free ameba trophozoite
extract into in vivo rabbit ileal loops. It is very difficult to grow large
enough numbers of trophozoites to yield such a high extract protein
concentration. Therefore we attempted to develop another model which would
use a smaller extract volume. The models used were rabbit ileum and another
smaller animal model, rat colon. We then designed our project with the aim
of increasing the sensitivity of this animal models to any tested enterotoxic
activity. This was achieved by decreasing mucosal cytoprotection.
Prostaglandins are involved with gastrointestinal tract cytoprotection, and
prostaglandin synthesis inhibition reduces such cytoprotection (Robert, 1976).
The prostaglandin synthesis inhibitor, indomethacin, was therefore used on
the assumption that there would be an increased cellular sensitivity to ameba
extract.
In our experiments we first used the rabbit ileal loop model. With this
model only those animals that showed absorption in the control loop were used.
There was absorption of water, Na+ and K+ in loops inoculated with PBS, with
or without prior administration of indomethacin. Absorption of water and
electrolytes also occurred in loops inoculated with HM-1 trophozoite extract
alone in the absence of the administration of indomethacin. Net secretion
of water, Na+ and K+ was seen in only one group of animals, those indomethacin
treated animals in which loops were inoculated with HM-1 extract equivalent
-34-
to 106 trophozoites/ml. In this model the K+/Na+ net flux ratio measured
during secretion in the experimental loop exposed to HM-1 trophozoite extract
was higher than that observed in the hypersecretion of experimental cholera
(Leitch et al_, 1966), raising the possibility of extract associated tissue
damage. Heating HM-1 extract equivalent to 10^ trophozoites/ml destroyed
the enterotoxic activity and net absorption of water and electrolytes occurred.
The non-pathogenic E. histolytica-like Laredo strain did not produce secretion,
even following indomethacin administration. The enterotoxic response was
limited to the experimental loop and control loops showed absorption throughout
the experiment. In the experimental loops secretion was sustained for 5 hours.
Due to the high trophozoite extract volume required for the rabbit model
we then employed the smaller rat model. In this model net K+ fluxes were not
measured because the rate colon secretes a substantial amount of K+ under
control conditions (Edmonds, 1967). Figure 1 illustrates that there was a
net secretion in the colon of animals treated with indomethacin and inoculated
with ameba extract equivalent to 106 and 107 trophozoites/ml. The secretory
response seen following luminal exposure to ameba extract equivalent to a
trophozoite concentration of lO^/ml was near the maximal secretory response,
while a concentration equivalent to 105/ml was ineffective in producing
secretion. In animals not administered indomethacin there was a significant
reduction in absorption following luminal exposure to extract equivalent to
10? trophozoites/ml. This may correlate with the experiments of Lushbaugh
and colleagues (1979) in which a secretory response was observed when a very
high concentration of trophozoite extract was used (8 mg protein). It may be
that indomethacin is not essential for ameba cytotoxic/entertoxic activity,
provided that high enough concentrations of the trophozoite extract are
employed.
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The E. histoiytica strain HM-1 extracts had to be present in the rat
colonic loop for more than 10 minutes before a secretion occurred. When ameba
extract exposure lasted for 30 minutes the secretory response was sustained
for 2 hours. Exposure of the colonic loop to HM-1 trophozoite extracts for
60 minutes resulted in continuous secretion in the loop for a total of 4 hours
(Figures 1 and 2). There was no statistically significant difference between
the mean net secretion rates of loops exposed to fresh ameba extracts hourly
for 4 hours with those occurring in loops exposed to extract for 1 hour
(Figure 2).
High doses of indomethacin have been reported to inhibit intestinal
secretion produced in response to a variety of secretagogues (Smith et al,
1981). This was also seen in the present experiments (Figure 3) in which
there was no net 4 hour secretory response when animals were treated with
1 mg and 10 mg/kg indomethacin. This suggests that 0.1 mg/kg indomethacin
was not anti-secretory per s£ but that it inhibited cytoprotection (Figures 1
and 3).
Heating the HM-1 trophozoite extract at 60°C for 10 minutes resulted
in net absorption of water in the rat model, as was the case in the rabbit
model (Figure 4). In animals treated with indomethacin in the third hour
there was no manifestation of a secretory response in colonic loops with
exposure to ameba extract in the first hour (Figure 4). This too is consistent
with indomethacin having its effect on mucosal cytoprotection during the period
when the mucosa was exposed to ameba extract. There was no entertoxic response
in indomethacin treated animals inoculated with E. histolytica-like Laredo
strain, even using extract equivalent to a trophozoite concentration of 107/ml
(Figure 4). Thus at least with respect to these two strains of ameba there
was a correlation between pathogenicity and extract enterotoxic activity.
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Fetuin has been shown to inhibit araebic cytotoxic/enterotoxic activity
(Mattern et al_, 1980). This observation was confirmed in our experiments in
rat colon. Prior exposure of loops to fetuin inhibited secretion induced by
ameba extract. The inhibition of net water secretion lasted for 4 hours even
when the lumen was exposed to fresh ameba extract hourly (Figure 5). This
can be explained on the basis that the fetuin and E. histolytica enterotoxic
activity shared the same receptor on the mucosal surface. It appears that
fetuin has a higher affinity for this receptor than does ameba enterotoxic
activity. Another possible explanation 1s that fetuin might bind both the
cellular receptor and the ameba enterotoxin, acting like a lectin. The fetuin
was not anti-secretory HUH s1nce secretion b* mucosa Previously exposed
to ameba extract was not Inhibited when the mucosa was treated with fetuin
(Figure 5).
The above data are consistent with the following hypothesis. Cell free
extracts of E. histolytica trophozoites elaborate one or more toxic factors
that attach to sites on the mucosal surface, which also have a high affinity
for fetuin, or that fetuin might have an attachment site for both ameba
extract toxic factor and cellular receptor. When the toxic factor(s) is (are)
in high enough concentration or if mucosa prostaglandin mediated cytoprotection
is impaired, secretion will result.
SUMMARY AND CONCLUSION
1. In the rabbit model 2 loops of 30 cm each were prepared. The upper loop
was used as a control and was filled with PBS, and the lower loop was used
as the experimental loop. Fluid volume, sodium and potassium concentrations
were measured in both loops at the beginning and at the end of 3 hours and
5 hours. Net 0-3 hour and 3-5 hour period water and electrolyte fluxes
were then calculated and normalized to loop length (multiples of 10 cm).
In the experimental loop there was no net fluid and electrolyte secretion
when PBS, heated E. histolytica extract (106 HM-1 trophozoites/ml), and
non-pathogenic E. histolytica-like Laredo strain extract (106 trophozoites/
ml) were inoculated in the loop. Net secretion of water, Na+ and K+,
was seen only in experimental loops inoculated with HM-1 extract (106
trophozoite/ml) in animals previously administered 0.1 mg/kg indomethacin.
2. Due to the large amount of HM-1 trophozoite extract required for this
experiment we introduced a smaller animal model, the rat colon loop.
Secretion of water was observed in loops inoculated with ameba extracts
of 106 and 107 HM-1 trophozoites/ml following indomethacin administration.
The HM-1 extract had to be present in the rat colon loop for a minimum
of 10 minutes for secretion to occur. Secretion was observed for 4 hours
when the loop was exposed to HM-1 extract for 1 hour. When animals were
treated with 0.01, 1 and 10 mg/kg indomethacin there was not net fluid
secretion. Secretion of fluid only occurred when animals were administered
0.1 mg/kg indomethacin. No fluid secretion occurred in loops of animals
not treated with indomethacin, and inoculated with E. histolytica extract
or treated with indomethacin and inoculated with E. histolytica-like
-37-
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Laredo strain extract. There was also no secretion in animals administered
indomethacin following rather than prior to HM-1 extract exposure.
3. Secretion was inhibited in indomethacin treated animals when the colonic
mucosa was exposed to fetuin prior to its exposure to HM-1 trophozoite
extract.
4. In both the rabbit and rate model indomethacin was used to inhibit
prostaglandin synthesis and decrease prostaglandin mediated mucosal
cytoprotection. This drug was therefore used to increase the cellular
sensitivity to ameba extract on the part of the intestinal mucosa.
5. The above data are consistent with the hypothesis that cell free extracts
of a pathogenic strain of E. histoiytica contain one or more enterotoxic
factors which appear to bind to sHes on the mucosal surface. These sites
also appear to have a high affinity for fetuin as fetuin completely
inhibited amebic extract toxic factor induced secretion, and prolonged
exposure to fresh extract did not reverse the inhibition of secretion.
The requirement for indomethacin in the rat and rabbit models suggests
that mucosal prostaglandin mediated cytoprotection must be overcome
before ameba enterotoxic components can induce secretion.
LITERATURE CITED
1. Banwell, J. G., N. F. Pierce, R. C. Mitra, K. L. Brigham, G. J. Caranoso,
R. I. Keimowitz, D. F. Fedson, J. Thomas, S. L. Gorbach and A. Mondal,
1970. Intestinal fluid and electrolyte transport in human cholera.
J. Clin. Invest. 49:183-187.
2. Berridge, M. J., 1979. Relationship between calcium and the cyclic
nucleotides in ion secretion. ln_ Binder, H. J. (Ed.) "Mechanisms of
Intestinal Secretion." New York, Alan R. Liss, 101-110.
3. Bolton, J. E. and M. Field, 1977. Ca++ ionophore stimulated ion
secretion in rabbit ileal mucosa: relation to actions of cyclic AMP
and carbamylcholine. J. Membr Biol. 35:159-173.
4. Bos, H. J. and R. J. Van de Griendi 1979. Virulence and toxicity of
axenic Entameoba histolytica. Nature, 265:341-343.
5. Brandt, H. and P. R. Tamayo, 1970. Pathology of human amebiasis. Human
Pathology. Vol. 1, No. 3:351:385.
6. Carpenter, C. C. J. and W. B. Greenough, 1968. Response of the canine
duodenum to intraluminal challenge with cholera exotoxin. J. Clin.
Invest. 47:2600-2607.
7. Carter, M. J. and D. S. Parson, 1971. The isoenzymes of carbonic
anhydrase tissue, subcellular distribution and functional significance
with particular reference to the intestinal tract. J. Physiol. (Lond.)
215:71-76.
8. Cassell, D. and T. Pfeurrer, 1978. Mechanism of cholera toxin action,
covalent modification of the guanyl nucleotide binding protein of the
adenylate cyclase system. Proc. Natl. Acad. Sci. U.S.A. 72:2669-2673.
-39-
-40-
9. Cassell, B. and Z. Selinger, 1977.. Mechanism of adenylate cyclase
activition by cholera toxin: inhibition of GTP hydrolysis at the
regulatory site. Proc. Natl. Acad. Sci. U.S.A. 74:3307-3311.
10. Chandbury, T. K. and A. Robert, 1978. Effects of prostaglandins on the
stomach and intestine. Fed. Proc. 37:303-308.
11. Charney, A. N. and M. Donowitz, 1978. Functional significance of
intestinal Na-K-ATPase: in vivo ouabian inhibition. Am. J. Physiol.
234:E629-E636.
12. Charney, A. N. and A. Robert, 1978. Gastrointentinal mucosal
cytoprotection. Fed. Proc. 37:307-310.
13. Chez, R. A., R. R. Palmer, S. G. Schultz and P. F. Curran, 1967. Effect
of inhibitors of alanine transport.in isolated rabbit ileum. J. Gen.
Physiol. 50:2357-2375.
14. Cooperstein, I. L. and A. M. Hogben, 1959. Ionic transfer across
isolated frog large intestine. J. Gen. Physiol. 42:461-465.
15. Councilman, W. T. and H. A. Lafleur, 1891. Amoebic dysentry. In:
Tropical Medicine and Parasitology, Classic Investigations, Kean, B. H.,
K. E. Mott and A. J. Russell (eds.). Ithaca and London, Cornell
University Press, 1978, pp. 79-102.
16. Craig, C. R. and E. C. Faust, 1979. Clinical Parasitology, Faust, E. C,
P. F. Russell and R. C. Jung (eds.), 8th edition, Oxford Press (Lond.),
pp. 141-176.
17. Crane, R. K., 1965. Na+-dependent transport in the intestine and other
animal tissues. Fed. Proc:24:1000-1006.
18. Cuatrecasus, P., 1973. Interaction of Vibro cholerae enterotoxin with
cell membranes. Biochemistry 12:3547-3558.
-41-
19. Debonguie, J. C. and S. F. Phillips, 1978. Capacity of the human
colon to absorb fluid. Gastroenterology 74:698-702.
20. Diamond, L. S., 1968. Techniques of axenic cultivation of Entamoeba
histolytica Schandinn, 1903 and E. histolytica-like ameba. J. Parasitol
"54:1047-1056.
21. Diamond, J. M. and W. H. Bossert, 1967. Standing gradient osomtic
flow. A mechanism for coupling of water and solute transport in
epithelia. J. Gen. Physiol. 50:2061-2083.
22. Dietz, J. and M. Field, 1973. Ion transport in rabbit ileal mucosa
IV. Bicarbonate secretion. Am. J. Physiol. 225:858-861.
23. Eaton, R. D. P., E. Meerovitch, and J. W. Costerton, 1969.
Correspondence: A surface active lysosome in Entamoeba histolytica.
Trans. R. Soc. Trop. Med. Hyg. 63:678-80.
24. Eaton, R. D. P., E. Meerovitch and J. W. Costerton, 1970. The
functional morphology of pathogenicity in Entamoeba histolytica. Ann.
Trop. Med. Parasitol. 64:299-304.
25. Edmonds, C. J., 1967. Transport of potassium by the colon of normal
and sodium-depleted rats. J. Physiol. 193:603-617.
26. Elliott, H. C, C. C. 0. Carpenter, D. B. Sork and J. H. Yardley, 1970.
Small bowel morphology in experimental canine cholera: a light and
electron microscopic study. Lab. Invest. 22:112-120.
27. Field, M., 1971. Intestinal secretion: Effect of cyclic AMP and its
role in cholera. N. Engl. J. Med. 284:1137-1144.
28. Field, M., 1978. Cholera toxin, adenylate cyclase and the process of
active secretion in the small intestine: The pathogenesis of diarrhea
in cholera. In Andredi, T. E., J. E. Hoffman, J. F. Fanestil, D. C.
-42-
(eds.). "The Physiological Basis for Disorders of Biomemebranes."
Vol. 5. New York, Plenum Press, pp. 877-899.
29. Finkelstein, R. A. and J. J. Lospalluto, 1969. Pathogensis of
experimental cholera. Preparation and isolation of choleragen and
cholerangenoid. J. Exp. Med. 130:184-220.
31. Finkelstein, R. A., 1973. Cholera. CRC Crit. Rev. Microbiol. 2:553-623,
32. Fishman, P. H., J. Moss and V. C. Manganiello, 1977. Synthesis and
uptake of gangliosides by cholerangen-responsive human fibroblasts.
Biochemistry 16:1871-1875.
33. Frizzel, R.A., 1977. Active chloride secretion by rabbit colon:
calcium-dependent stimulation by ionophore A23187 J. Membr. Biol.
35:175-187.
34. Frizzel, R. A. and S. G. Schultz, 1970. Effects of monovalent cations
on the sodium-alanine interaction in rabbit ileum: Implication of
anionic groups on sodium binding. J. Gen Physio!. 56:462-490.
35. Frizzel, R. A. and S. G. Schultz, 1972. Ionic conductance of
extracellular shunt pathway in rabbit ileum: influence of shunt
on transmural sodium transport and electrical potential difference.
J. Gen. Physiol. 59:215-217.
36. Frizzel, R. A., R. M. A. Dugas, and S. G. Schultz, 1975. Sodium
chloride transport by rabbit gall bladder: Direct evidence for a
coupled NaCl influx process. J. Gen Physiol. 65:769-795.
37. Frizzel, R. A., M. J. Koch and S. G. Schultz, 1976. Ion transport
by rabbit colon. Active and passive components. J. Membr. Biol.
35:175-187.
-43-
38. Frizzel, R. A. and S. G. Schultz, 1979. Models of electrolyte
absorption and secretion by gastrointestinal epithelia. Int. Rev.
Physio!. 19:205-225.
39. Fujita, M. H., Matsui, K. Naganu and M. Nakao, 1971. Asymmetric
distribution of ouabain-sensitive ATPase activity in rat intestinal
mucosa. Biochem. Biophys. Acta. 223:404-408.
40. Fujita, M. H., H. Ohta, K. Kawai, H. Matsui and M. Nakao, 1972.
Differential isolation of microvillus and basolateral plasma membrane
from intestinal mucosa: Mutually exclusive distribution of digestive
enzymes and ouabian-sensitive ATPase. Biochem. Biophys. Acta. 274:
336-347.
41. Gangarosa, E. J., W. R. Beisel and C. Benijajati,1960. The nature
of the gastrointestinal lesion in asiatic cholera and its relation
to pathogenesis. A biopsy study. Am. J. Trop. Med. Hyg. 9:125-135.
42. Gill, D. M. and C. A. King, 1975. The mechanism of action of cholera
toxin in pigeon erythrocyte lysates. J. Biol. Chem. 250:6424-6432.
43. Gill, D. M. and R. Meren, 1978. ADP-ribosylation of membrane proteins
catalyzed by cholera toxin: basis of the activation of adenylate
cyclase. Proc. Nat! . Acad. Sc. U.S.A. 75:3050-3054.
44. Gyles, C. L. and D. A. Barnum, 1964. A heat labile enterotoxin from
strains of Escherichia coll enteropathogenic for pigs. J. Infec. Dis.
120:419-423.
45. Haljamae, H., M. Jodal and 0. Lundgren, 1973. Countercurrent
multiplication of sodium in intestinal villi during absorption of
sodium and chloride. Acta. Physio!. Scand. 89:580-593.
-44-
46. Hamberg, M. and B. Samuelsson, 1974. Prostaglandin endoperoxides VII.
Novel transformation of an archiodonic acid in guinea pig lung.
Biochem. Biophys. Res. Commun. 61:942-949.
47. Hashim, H. L. and M. Pittman, 1970. Ultrastructure of Entamoeba
histolvtica trophozoites obtained from the colon and from rn vitro
cultures. Amer. J. Trop. Med. Hyg. 19:215-226.
48. Hendrix, T. R.f 1977. Intestinal secretion, in: R. K. Crane (ed.)
M. T. P. International Review of Physiology. Gastrointestinal
Physiology II, Vol. 12:257-284. Univ. Park Press, Baltimore.
49. Holmgreen, J. S., P. Langre and I.Lonnroth, 1978. Reversal of
cAMP-mediated intestinal secretion in mice by chlorapromazine.
Gastroenterol. 75:1103-1108. .
50. Hubel, K. A., 1967. Biocarbonate secretion in rat ileum and its
dependence on intraluminal chloride. Am. J. Physio!. 213:1409-1413.
51. Hubel, K. A., 1969. Effect of luminai chloride concentration on
bicarbonate secretion in rat ileum. Am. J. Physiol. 217:40-45.
52. Hughes, J. M., F. Murad, B. Chang and R. L. Guerrant, 1978. Role of
cyclic GMP in the action of heat stable entrotoxin of Escherichia
coli. Nature (Lond.) 271:755-756.
53. Jiminez, F., 1981. Pathology of amebiasis, Bull. N.Y. Acad. Med.
57, 217-223.
54. Keusch, G. T., G. F. Grady, L. J. Mata and J. Mclver, 1970. The
pathogenesis of Shi gel!a diarrhea I. Enterotoxin production by
Shiqelia dysenteriae. J. Clin. Invest., 51:1212-1220.
55. Kimberg, D. V., M. Field, E. Johnson and E. Gersham, 1971. Stimulation
of intestinal mucosal adenyl cyclase by cholera exotoxin and prosta-
glandins. J. Clin. Invest. 50:1218-1230.
-45-
56. Knight, R., R. G. Bird and T. F. McCaul, 1975. Fine Structural changes
at Entamoeba histoiytica rabbit kidney cell (RKB) interface. Ann. Trop.
Med. Parasitol. 69:197-202.
57. Kobiler, D. and D. Mirelman, 1980. Lectin activity in Entamoeba
histolytica trophozoites. Infect. Immun. 29:221-225.
58. Koopman, W. and S. G. Schultz, 1969. The effect of sugars and ami no
acids on mucosal Na+ and K+ concentrations in rabbit ileum. Biochem.
Biophys. Acta. 173:338-340.
59. Krejs, G. J. and J. S. Fordtran, 1978. Physiology and pathophysiology
of ion and water movement in human intestine. In.: Gastrointestinal
Diseases, edited by M. H. Sleisenger and J. S. Fordtran, W. B. Saunders,
Philadelphia, pp. 297-335.
60. Krejs, G. J., R. M. Barkley, N. W. Read and F. S. Fordtran, 1978.
Intestinal secretion induced by vasoactive intestinal polypeptide.
A comparison with cholera toxin in the canine jejunum in vivo. J. Clin.
Invest. 61:1337-1339.
61. Leitch, G. J., M. E. Iwert and W. Burrows, 1966. Experimental cholera
in the rabbit 11 gated Heal loop: Toxin induced water and ion movement.
J. Infect. Dis. 116:303-312.
62. Levy, A., 1974. Aspirin use in patients with major upper gastrointestinal
bleeding and peptic ulcer disease. N. Engl. J. Med. 290:1158-1162.
63. Leyssac, P. P., K. Bakhave and 0. Frederiksen, 1974. Inhibitory effect
of prostaglandin on isosomotic fluid transport by rabbit gall bladder
in vitro and its modification by blockade of endogenous PGEl-b1osynthesis
with indomethacin. J. Gen. Physiol. 65:769-795.
64. Losch, F. A., 1875. Massive development of amoebae in the large
-46-
intestine. In: Tropical Medicine and Parasito!ogy. Classic
investigation, Kean, B. H., K. E. Mott and A. J. Russell (eds.)
Ithaca and London, Cornell University Press, pp. 71-78.
65. Lushbaugh, W. B., A. B. Kairalla, F. R. Cantey, A. F. Hofbauer and
F. E. Pittman, 1979. Isolation of cytotoxin-enterotoxin from
Entamoeba histolytica. J. Infect. Dis. 139:9-17.
66. Lushbaugh, W. A., A. B. Kairalla, A. F. Hofbauer, F. R. Cantey and
F. E. Pittman, 1980. Further studies on a cytotoxin/enterotoxin from
Entamoeba histol.ytica. Arch. Invest. Med. (Mex) II (Suppl):129-133.
67. Lushbaugh, W. A., A. B. Kairalla, A. F. Hofbauer, P. Arnand, F. R.
Cantey and F. E. Pittman, 1981. Inhibition of Entamoeba histolytica
cytotoxin by alpha-1-antiprotease and alpha-2-macroglobulin. Am. J.
Trop. Med. Hyg. 30:575-585.
68. Maegraith, B. G., 1955. The pathogenicity of plasmodia and endamoeba.
Symp. Soc. Gen. Microbiol. 5:207-227.
69. Mattern. C. F. T., D. B. Keister and P. C. Natovitz, 1980. Entamoeba
histolytica "toxin" fetuin neutralizable and lectin-like. Am. J. Trop.
Med. Hyg. 29:26-30.
70. Mertens, R. B., H. 0. Wheeler and S. E. Mayer, 1974. Effects of cholera
toxin and phosphodiesterase inhibitors on fluid transport and cyclic 3'-5'
monophosphate concentration in rabbit gall bladder. Gastroenterology
67:898-908.
71. McCaul, T. F..R. N. Poston and R. G. Bird, 1977. Entamoeba histolytica
and Entamoeba invadens: chromium relase from labeled human liver cells
in culture. Exp. Parasitol. 43:342-352.
72. Nugteren, D. H. and E. Hazelhof, 1973. Isolation and properties of
intermediates in prostaglandin biosynthesis. Biophys. Acta. 326:448-461.
-47-
73. Phillips, R. A., 1964. Water and electrolyte losses in cholera.
Fed. Proc. 23:705-712.
74. Pierce, N. F., C. C. J. Carpenter, H. L. Elliott and W. B. Greenough,
1971. Effects of prostaglandins, theophylline and cholera enterotoxin
upon transmural water and electrolyte movement in the canine je'junum.
Gastroenterology 60:22-25.
75. Proctor, E. M. and M. A. Gregory, 1972. The observation of surface
active lysosome in the trophozoites of Entamoeba histolytica from the
human colon. Ann. Trop. Med. Parasit. 66:339-341.
76. Quigley, J. P. and G. S. Gotterer, 1969. Distribution of (Na++K+)
stimulated ATPase activity in rat intestinal mucosa. Biochem. Biophys.
Acta. 173:456-468.
77. Ravdin, J. I., B. Y. Croft and R. L. Guerrant, 1980. Cytopathogenic
mechanisms nf fntamoeba histolytica. J. Exp. Med. 152:377-390.
78. Robert, A., J. E. Nezamis and J. P. Phillips, 1968. Effect of
prostaglandin E, on gastric secretion and ulcer formation in the rat.
Gastroenterology 55:481-487.
79. Robert, A., 1974. An intestinal disease in the rat probably caused
by a postaglandin deficiency. Gastroenterology 66:765r772.
80. Robert, A., 1976. Antisecretory, antiulcer, cytoprotective and
diarrheogenic properties of prostaglandins. In: B. Samuelsson and
R. Paoletti (eds.) Advances in Prostaglandin and Thromboxane Research,
Vol. 2, Raven Press, New York, pp. 507-520.
81. Robert, A., 1977. Resistance of germ-free rats to indomethacin induced
intestinal lesions. Prostaglandins 14:333-341.
-48-
82. Robert, A., C. Lancaster, J. E. Nezanus, and A. J. Hanchar, 1978.
An intestinal disease in rat probably caused by a prostaglandin
deficiency. Gastroenterology 66:1086-1090.
83. Sack, R. B., 1975. Human Diarrheal disease caused by enterotoxigenie
Escherichia coli. Ann. Rev. Microbiol. 29:333-353.
84. Schultz, S.G., 1977. Sodium transport and the electrophysiology of
rabbit ileum. Short-circuit current and Na fluxes. J. Gen. Physio!.
47:567-584.
85. Schultz, S. G. and R. Zalusky, 1964. Ion transport in isolated rabbit
ileum. Short-circuit current and Na fluxes. J. Gen. Physiol.
47:567-584.
86. Schultz, S. G., R. F. Fuisz and P. F. Curran, 1966. Amino acid and
sugar transport in rabbit ileum. J. Gen. Physiol. 49:849-866.
87. Schultz, S. G. and P. F. Curran, 1970. Coupled transport of sodium
and organic solutes. Physiol. Rev. 50:637-718.
88. Schultz, S. G. and R. A. Frizzell, 1972. An overview of intestinal
absorptive and secretory processes. Gastroenterol. 63:161-120.
89. Schultz, S. G., R. A. Frizzell and H.N. Nellans, 1974. Ion transport
by mamalian small intestine. Ann. Rev. Physiol. 36:51-91.
90. Sharp, G. W. G. and S. Hynie, 1971. Stimulation of intestinal
adenylate cyclase by cholera toxin. Nature (Lond.) 229:266-269.
91. Sheerin, H. E. and M. Field, 1975. Heal HC03 secretion relationship
to Na+ and Cl" transport and effects of theophylline. Am. J. Physiol.
228:1065-1074.
92. Skou, J. C, 1957. The influence of some cations on an adenosine
triphosphate from peripherial nerve. Biochem. Biophys. Acta 23:394-401
-49-
93. Smith, P. L., J. B. Blumberg, J. S. Stoff and M. Field, 1981.
Antisecretory effects of indomethacin on rabbit ileal mucosa in vitro.
Gastroenterol. 80:356-365.
94. Stirling, A., 1972. Radioautographic localization of sodium pump
sites in rabbit intestine. J. Cell. Biol. 53:704-714.
95. Swallow, J. H. and C. F. Code, 1967. Intestinal transmucosal fluxes
of bicarbonate. Am. J. Physiol. 212:717-723.
96. Takeuchi, A. and B. P. Phillips, 1975. Electron microscope studies
of experimental Entamoeba histolytica infection in the guinea pig. 1.
Penetration of the intestinal epithelium by trophozoites. Am. J.
Trop. Med. Hyg. 24:34-48.
97. Trissl, D. A., A. Martinez-Paloma, C. Argeullo, NL de la Torre and
R. de la Hoz, 1978. Surface properties related to concanavalin A-
induced agglutination: A comparative study of several Entamoeba
strains. J. Exp. Med. 145:652-665.
98. Turnberg, L. A., F. A. Bieberdorf, S. 6. Morawaski and J. S. Fordtran,
1970. Interrelationships of chloride, bicarbonate, sodium and hydrogen
transport in the human ileum. J. Clin. Invest. 49:557-567.
99. Van Heyningen, W. E., C. C. J. Carpenter, N. F. Pierce and W. B.
Greenough, 1971. Deactivation of cholera toxin by ganglioside.
J. Infect. Dis. 124:415-418.
100. Wald, A., G. S. Gotterer, G. R. Jagendra, N. A. Turjman and T. R.
Hendrix, 1977. Effect of indomethacin on cholera-induced fluid
movement, unidirectional sodium fluxes and intestinal cAMP.
Gastroenterol 72:106-110.
101. Walker, E. D. and Sellards, A. W., 1978. Experimental Entamoebic
Dysentry, 1913. Classic investigations. Kean, B. H., Mott, K. E.
-50-
and A. J. Russell, editors. Ithaca and London, Cornell University
Press, pp. 121-140.
